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The Fermi energy in semiconductors can often be freely controlled across the whole energy gap by doping. This 
is not the case in oxides, where different mechanisms exist, which can limit the range of the Fermi energy. 
These limits can be caused by i) dopants having deep rather than shallow charge transition levels, ii) self-com-
pensation where the Fermi energy dependence of the defect formation energy leads to spontaneous formation 
of compensating defects, iii) the change of the oxidation state of either the cations or the oxygen. The latter is 
particularly relevant for compounds with transition metal or rare earth cations and has been recently 
demonstrated to explain the low water splitting efficiency of hematite [1].  
 
This presentation will demonstrate that the limits of the Fermi energy can be assessed using X-ray 
photoelectron spectroscopy (XPS). The variation of the Fermi energy can thereby be achieved either by 
deposition of thin films on different substrates, by deposition of differently doped films, by different surface 
treatments including oxygen and vacuum annealing, oxygen plasma treatments and water adsorption, or by 
formation of interfaces with low and high work function metal oxides. Among the different treatments, oxygen 
plasma treatment and water adsorption are most effective in moving the Fermi energy down and up, 
respectively.  
 
The presentation will give an overview on the experimental approach and its limitations and demonstrate the 
observation of the different limitation mechanisms. Extensive data sets for various oxides, including differently 
doped SrTiO3, BaTiO3, Pb(Zr,Ti)O3, (La,Sr)FeO3, (La,Sr)MnO3, BiFeO3, LaAlO3, BiVO4, CeO2, Fe2O3, Co3O4, 
Bi2O3, ZnO, In2O3, SnO2, NiO, Cu2O, MgO, Al2O3 and SiO2 are available. The effects will be illustrated using 
selected materials and the alignment of the Fermi energy limits will be discussed.   
 
Figure 1 –  Upper and lower limits of the Fermi energy in different oxides as observed 
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